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Robbins Survey (51% “unsuccessful”) 
Conference Board  Report(40% “fail” within a year) 
KPMG Canada (61% “failed) 
Chaos Report (only 16.2% on-time, on-budget) 
OASIG Study (7 of 10 “fail”) 

	
  
	
  
	
  

Gov’t Software: A Legacy of Risk Management Failure! 
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So-­‐Called	
  
“Valley	
  of	
  
Death”	
  
	
  

HPCMP Computers, Networks and CREATE 
Tools Bridge the Gap over the “Valley of Death” 
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Compounding Risk Factors 

1. Complex Physics (Integrated Multi-Scale, Multi-Physics) 
2. Complex Computing (networks, security, architectures) 
3. Complex Development Organizations (Distributed) 
4. Complex Customers (Multi-Service, Multi-Community) 

	
  	
  

	
  	
  	
  	
  	
  	
    

The	
  Four	
  CREATE	
  Program	
  Complexi(es:	
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Software Engineering provides the 
framework for managing risk 

Managing Risks in CREATE 

 
§ Based on experience from DoD, DOE, Industry, Academia case 
studies 

§ Adapts best practices to physics-based software: 
 

• Program Management 
• Requirements Management 
• Configuration Management 
• Quality Assurance 
• Verification, Validation and Uncertainty     

 Quantification 

after CMMI (SEI) 
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An Example Similar to CREATE 

CREATE Scale 

	
  

•ASCI	
  (Mul(-­‐Physics,	
  HPC)	
  <	
  50%	
  Success	
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(*) after IEEE Spectrum On-line, “Why Software Fails,” 2010	
  

SEI	
  Risk	
  Taxon
omy	
  (2007)	
  

Risk Factors:  Why Software Projects 
fail.  
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CREATE Core Software Engineering 
Practices 

Development	
  Team	

1. Lean (<10), close-knit development teams led by technical experts.	

    [3,8,10]	

	

2. Emphasis on transparency in development across CREATE 
projects.	

     [6]	

Customer	
  Focus	

3. Stakeholder-driven requirements through Boards of Directors   

comprised of stakeholder and user representatives. [2,4,6,10]	

	

4.  Pilots to solicit customer reaction and input to feature and attribute 

implementations. [4]	


5. Frequent reporting to stakeholders. [6]	
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CREATE Core Software Engineering 
Practices 
Technical	
  Maturity	

6. Reliance on proven technologies to satisfy customer-defined use cases.	

     [1,2,7]	

7. VVUQ in alignment with NRC recommendations for scientific code. [10]	

	


Development	
  Methods	

8. Milestone-driven workflow management with flexible workflow execution 
and annual releases. [8,9]	

	

9. Configuration management, including configuration control boards 
(CCBs), code management, build automation, continuous integration, and 
issue tracking. [8]	

	

10. No code checked into the development branch without an 
accompanying test. [8]	

.	

11. Documented code with user’s manuals, technical descriptions, 
tutorials, example problem setup and user forums. [6]	
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CREATE Core Software Engineering 
Practices 

Requirements	
  Defini(on	
  	

12. Reliance on prototypes to solidify difficult-to-specify, or possibly 

ambiguous requirements. [4]	
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CREATE Project Sites 
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Embedded in Stakeholder Orgs 
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Transparancy 
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Product Architectures Visible Across CREATE  
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Customer-Driven Use Cases 

[from	
  Cockburn,	
  2001,	
  “fully-­‐dressed”	
  use	
  cases]	
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Customer Driven “Use Cases” 

UC1	
  UC1 UC2 

Support Survivability Analysis (by Navy Structural Engineers) from Shock Damage 
from Explosives when 
• Use Case I 

– Structural Response is Essentially Linear Elastic 
– Local Nonlinearities (mounts, joints, etc.) 

• Use Case II (includes SURFEX) 
– Structural Response is Elastic/Plastic w/ Damage 
– Local Nonlinearities Included 

• Use Case III 
– Same Characteristics As UC II w/ Addition Of Cascading Structural 
Damage (debris) 

	
  

Use Case I Use Case III 

Use Case Example: Ship Shock (NESM) 
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CREATE Project Roadmaps 

2007 2010 2013 2016 2019 
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Example from Ships Hydro 

•  Resistance Related 
–  UCR1:   Hull with fixed ship sinkage and trim 
–  UCR2:  Hull with computed sinkage and trim 

•  Powering Related 
–  UCP1:   Body force model for propulsor  
–  UCP2 :  Full propulsor/hull modeling 

•  Maneuvering Related (motions in calm water) 
–  UCM1:  Rotating arm steady turning motion  
–  UCM2 : Planar Motion Mechanism (PMM) 
–  UCM3 : Moving appendages and controller  

•  Seakeeping Related (involves waves) 
–  UCS1 :  Prescribed trajectory in regular waves 
–  UCS2:  Hull responds to regular waves 
–  UCS3 :  Prescribed trajectory in irregular waves 
–  UCS4 :  Predicted motions with moving appendages 

in waves 
–  UCS5:  Seaway loads with one way coupling to 

structures code 
–  UCS6:  Seaway loads with two way coupling to 

structures code 
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So-­‐Called	
  
“Valley	
  of	
  
Death”	
  
	
  

CREATE-AV Process to Manage Capability 
Gaps (Customer Requirements)  

Sr. Management +AV Planning Team 

1	
  –	
  Iden+fy	
  Key	
  
Acquisi+on	
  Processes	
  

(AP’s)	
  
2	
  –	
  Iden+fy	
  Products	
  

of	
  AP’s	
  

3	
  –	
  Breakdown	
  AP	
  
Workflows	
  (WF’s)	
  

4	
  –	
  Iden+fy	
  HPC	
  
Inser+on	
  Points	
  into	
  

WF’s	
  

6	
  –	
  Priori+ze	
  and	
  
Group	
  analysis	
  
capabili+es	
  

7	
  –	
  Select	
  Groups	
  that	
  represent	
  
greatest	
  impacts	
  to	
  acquisi+on	
  for	
  
HPC	
  so5ware	
  development	
  under	
  

CREATE-­‐AV	
  
8	
  –	
  Build	
  mechanisms	
  
for	
  CREATE-­‐AV	
  so5ware	
  
to	
  impact	
  targeted	
  AP’s	
  

Updated annually.	

 AV Planning Team=Senior Customer Engineers 

Approved by BoD 

5	
  –	
  Iden+fy	
  HPC	
  
Analysis	
  Capabili+es	
  

required	
  to	
  improve	
  AP	
  
WF’s	
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Pilots in AV   

	
  	
  

Pilot Projects
Pilot Projects

Defense Engineering 

Workforce 

CREATE-AV 
Developers 

Annually execute between 4 and 6 
Pilot Projects to “shadow” 
acquisition programs engineering 
workflows– 26 Pilots since 2008! 

– Key roles in product VV&QA (Verification, Validation, & Quality 
Control) 
Ø Build computational baselines 
Ø Build archive of validation cases (VERY big deal) 

– Build bridges of trust between product 
 developers and targeted acquisition engineering 
orgs in order to deploy CREATE-AV technology 

–  Learn workflows and actual requirements of 
targeted orgs 
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Multi-Physics based on Proven 
Technologies 

HYDRO Design Environment 

KESTREL + Helios 
CFD Structural 

Dynamics 
CFD + Combustion 

Spectral Ocean  
Wave Model 
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Validation and Prediction Principles and Best Practices 
 
• Principle: A validation assessment is well defined only in terms of specified quantities   

of interest (QOIs). 
– Best practice: Early in the validation process, specify the QOIs that will be 
   addressed. CREATE VVUQ Practice 9 

• Principle: A validation assessment provides direct information about model accuracy 
  only in the domain of applicability that is “covered” by the physical observations 
  employed in the assessment. 

– Best practice: When quantifying or bounding model error for a QOI in the 
   problem at hand, systematically assess the relevance of supporting validation 
   assessments (which were based on data from different problems, often with 
   different QOIs). Subject-matter expertise should inform this assessment of 
   relevance.  
– Best practice: If possible, use a broad range of physical observation sources so 
   that the accuracy of a model can be checked under different conditions and at 
   multiple levels of integration. CREATE VVUQ Practice 11 
– Best practice: Use “holdout tests” to test validation and prediction   

methodologies. In such a test some validation data is withheld from the     
validation process, the prediction machinery is employed to “predict” the 
withheld QOIs, with quantified uncertainties, and finally the predictions are 
compared to the withheld data. Not included 

– Best practice: If the desired QOI was not observed for the physical systems   
used in the validation process, compare sensitivities of the available physical 

   observations with those of the QOI. 
– Best practice: Consider multiple metrics for comparing model outputs against 
   physical observations. CREATE VVUQ Practice 11 

• Principle: The efficiency and effectiveness of a validation assessment are often   
improved by exploiting the hierarchical composition of computational and 
mathematical models, with assessments beginning on the lowest-level building blocks 
and proceeding to successively more complex levels. 

– Best practice: Identify hierarchies in computational and mathematical models, 
   seek measured data that facilitates hierarchical validation assessments, and   

exploit the hierarchical composition to the extent possible. CREATE VVUQ 
Practice 10 

– Best practice: If possible, use physical observations, especially at more basic 
levels of the hierarchy, to constrain uncertainties in model inputs and   
parameters. CREATE VVUQ Practice 10 

• Principle: The uncertainty in the prediction of a physical QOI must be aggregated from 
   uncertainties and errors introduced by many sources, including: discrepancies in the 
   mathematical model, numerical and code errors in the computational model, and 
   uncertainties in model inputs and parameters. 

– Best practice: Document assumptions that go into the assessment of  
uncertainty in the predicted QOI, and also document any omitted factors. 
Record the justification for each assumption and omission. CREATE Practice 9 

– Best practice: Assess the sensitivity of the predicted QOI and its associated 

VVUQ aligned with NRC Best 
Practices 

Verification Principles and Best Practices 
 
• Principle: Solution verification is well defined only in terms of specified quantities of 
  interest, which are usually functionals of the full computed solution. 

– Best practice: Clearly define the QOIs for a given VVUQ analysis, including the 
   solution verification task. Different QOIs will be affected differently by 
   numerical errors. CREATE VVUQ Practice 11 
– Best practice: Ensure that solution verification encompasses the full range of 
   inputs that will be employed during UQ assessments. CREATE VVUQ Practice 1 

• Principle: The efficiency and effectiveness of code and solution verification can often  
be enhanced by exploiting the hierarchical composition of codes and mathematical 
models, with verification performed first on the lowest-level building blocks and then 
on successively more complex levels.  

– Best practice: Identify hierarchies in computational and mathematical models    
and exploit them for code and solution verification. It is often worthwhile to 
design the code with this approach in mind. CREATE VVUQ Practice 8 

– Best practice: Include in the test suite problems that test all levels in the 
   hierarchy. CREATE VVUQ Practice 8 

• Principle: Verification is most effective when performed on software developed under 
  appropriate software quality practices. 

– Best practice: Use software configuration management and regression testing,    
and strive to understand the degree of code coverage attained by the 
regression suite. CREATE Core Practice 11; CREATE VVUQ Practice 4 

– Best practice: Understand that code-to-code comparisons can be helpful, 
especially for finding errors in the early stages of development, but that in   
general they do not by themselves constitute sufficient code or solution 
verification. CREATE VVUQ Practice 6 

– Best practice: Compare against analytic solutions, including those created by   
the method of manufactured solutions—a technique that is helpful in the 
verification process. CREATE VVUQ Practice 6 

• Principle: The goal of solution verification is to estimate, and control if possible, the 
   error in each QOI for the problem at hand. (Ultimately, of course, one would want to 

use UQ to facilitate the making of decisions in the face of uncertainty. So it is desirable 
for UQ to be tailored in a way to help identify ways to reduce uncertainty, bound it, or 

   bypass the problem, all in the context of the decision at hand. The use of VVUQ for 
   uncertainty management is discussed in Section 6.2. “Decisions within VVUQ 
   Activities”). 

– Best practice: When possible in solution verification, use goal-oriented a 
   posteriori error estimates, which give numerical error estimates for specified 
   QOIs. In the ideal case the fidelity of the simulation is chosen so that the 
   estimated errors are small compared to the uncertainties arising from other 
   sources. Not addressed 
– Best practice: If goal-oriented a posteriori error estimates are not available, try   

to perform self-convergence studies (in which QOIs are computed at different 
levels of refinement) on the problem at hand, which can provide helpful 
estimates of numerical error. CREATE VVUQ Practice 6.2 

Cross-Walk to NRC Best Practices¹ 

¹From Chapter 7, Assessing the Reliability of Complex Models: Mathematical and 
Statistical Foundations of Verification, Validation, and Uncertainty Quantification	
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Workflow Management 

Notional Home Ground Chart for CREATE 
after Boehm, Using Risk to Balance Agile and Plan Driven Methods, IEEE Computer Society, 2003 

Personnel Experience 

Requirements 
Dynamism 

Team  Size 

Criticality 
w	
  

w	
  
Low 

High dependence 
on order 

	
  
	
  

Large 

w	
  

High 

Low Competency 

w 

w	
  

Culture 

Our Analysis 
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Workflow Management 

CMMI Process Improvement 

after Boehm, “Getting Ready for Agile Methods with Care,” IEEE Software, 2002 

CMMI Software Methods Agile Methods ¢	
  ¢	
  
 
 

Example: Spiral    CMMI Level II Practices 

u	
  u	
  
   Or Hero?  

Hacker Scrum Adaptive Methods Milestone/Risk Milestone/Plan Micromanaged Milestone 

 
     Milestone-driven, but flexible execution 

Our Approach 
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Workflow Management 

 

   Iterative with Annual Releases 
 
 
 
 
 

§  Program Management 
§  Requirements Management 
§  Configuration Management 
§  Quality Assurance 
§  Verification, Validation & UQ 

Our Approach 

Canonical Milestones 
• Preliminary Design Review 
• Final Design Review 
• New Development Branch 
• Freeze of Development Branch 
• Alpha Testing 
• Beta Testing 
• CCB assessment of readiness for release 
• Release 
• End-of-life for version 
 
 CMMI Best Practices for: 
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AV	
  Integrated	
  Milestone	
  Chart	
  (Covering	
  4	
  Codes)	
  -­‐-­‐	
  	
  FY2013	
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So-­‐Called	
  
“Valley	
  of	
  
Death”	
  
	
  

CREATE Product Release Cadence 

Fiscal Year FY2010 FY2011 FY2012 FY2013-planned 
Quarter 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 

AV-DaVinci 1 2 3 

AV-Helios 1 2 3 4 

AV-Kestrel 1 2 3 4 

MG-Capstone 1 2 3 4 

RF-SENTRI 1 1.5 2 3 4 

Ships-IHDE 1 2 2.1 3 4 

Ships-NavyFoam 1 2 3 

Ships-NESM 0.1 1 1.1 1.5 1.1 

Ships-RSDE 0.5 1 



Presentation Title 
Page-26 Distribu(on	
  C.	
  Please	
  see	
  Page	
  1	
  for	
  addi(onal	
  informa(on	
  

Benefits of Annual Releases 

	
  
	
     

  

•    Reach Closure on Incremental Capabilities 
•    Provides annual demonstration of significant progress 
•    Creates prototypes which facilitate customer testing  
    and input 
•  Mitigation for Requirements Creep 
	
  

Note:	
  Startups	
  may	
  take	
  longer	
  

NESM Version Capabilities 
NESM v0.1 • Preliminary UC I 
NESM v1.0 • Verified UC I 

• Preliminary UC II 
NESM v1.1 • Partially Validated UC I 

• Verified UC II 
NESM v2.0 • Partially Validated UC II 

• Preliminary UC III 
NESM v3.0 • Partially Validated UC III 

• Preliminary UC IV 
NESM v4.0 • Verified UC IV 
NESM v4.1 • Partially Validated UC IV 

• Preliminary UC V 
NESM v5.0 • Partially Validated UC V 

• Preliminary UC VI 
NESM v6.0 • Partially Validated UC VI 
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Shared Development Practices 

	
  
	
  

   
  

•  Requirements	
  Management	
  
•  So5ware	
  Quality	
  Aiributes	
  
•  Design	
  &	
  Implementa+on	
  
•  So5ware	
  Configura+on	
  Management	
  
•  Verifica+on	
  &	
  Valida+on	
  
•  Release	
  Prac+ces	
  
•  Customer	
  Support	
  

Maintainability	
  
Extensibility	
  
Performance	
  

Central code repository	
  
Configuration Management 
Tools(Subversion)	
  
Document Repository (Confluence) 
Configuration Control  Boards	
  
  	
  
	
  

Support	
  only	
  2	
  releases	
  
Issue	
  Tracker	
  (JIRA)	
  
CREATE	
  Community	
  Web	
  Services	
  
User Forums (CREATE Forum) 
On-­‐line	
  Application	
  Documentation 

Workflow Management:   
Agile, Iterative, Spiral 
 

Annual Releases 
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Well-Documented Software 
Development Plans 

Capstone Backlog 
Baseline Schedule 

Work Breakdown 
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Well-Documented Applications 

Annual  
Software 
Development 
Plan  

Annual 
Project 
Baseline 

Application 
Technical 
Description 

Developer’s 
Guide User’s 

Guide 

Test 
Plan 

Test 
Report 
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• 	
  	
  Original	
  Requirement:	
  Non-­‐penetra+ng	
  component	
  implant	
  
(MG-­‐09-­‐UC-­‐01)	
  	
  

	
  	
  

Prototype: A Example from MG- Capstone 

1: non-penetrating implant (imprint) [MG-09-UC-01]"
  a) exact vertex imprint (recover designated vertices of the component in the ship mesh)"
  b) exact edge imprint (recover designated vertices and edges of the component in the ship mesh)"
2: penetrating implant (boolean) [MG-09-UC-02]"
  a) surface mesh only (both component and ships are surface meshes) (second slide)"
  b) mixed-dimension (component and ships may have mixture of edge/face/region entities)	
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Prototypes: An Example from MG-
Capstone 

• 	
  Penetra+ng	
  component	
  implant	
  (MG-­‐09-­‐UC-­‐02)	
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MG Prototype Cadence 
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Summary 

CREATE has successfully managed risk with sound software  
Development practices --  
 
1.   Based on lessons learned from real scientific code projects 
       [from DARPA HPCS Case Studies and others of both successes and failures] 
 
2.    Addressing documented risks inherent in these projects  
       [based on Software Engineering Institute Risk Taxonomy] 
 
3.   Documented in CREATE Software Development Guidance[SEPP and PMP] 

4.   Resulting in 100% success to date 
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I	
  
Ini+al	
  

Conceptual	
  
Design	
  &	
  
Roadmap	
  	
  

Annual	
  
Mul+-­‐
Physics	
  

Integra+on	
  
Prototyping	
  

Loop	
  

Finalized	
  
Design	
  

Adapta+on	
  to	
  
Acquisi+on	
  
Workflows	
  

Loop	
  

Concept	
  Development	
   SoYware	
  Development	
   Deployment	
  and	
  
Support	
  

	
  

Have	
  all	
  of	
  the	
  
Performance	
  Thresholds	
  
been	
  reached?	
  

Have	
  all	
  of	
  the	
  Mul+-­‐Physics	
  
Integra+on	
  issues	
  been	
  
resolved	
  and	
  prototyped	
  ?	
  

Have	
  all	
  the	
  Customer	
  
Requirements	
  been	
  
addressed?	
  

Key	
  concept:	
  Physics	
  Integra+on	
   Key	
  Concepts:	
  Performance	
  and	
  Usability	
  
Enhancements	
  

Key	
  Concepts:	
  Deployment	
  and	
  
Customer-­‐driven	
  Enhancements	
  

	
  
	
  
	
  

Annual	
  
Performance	
  

Scaling	
  	
  
Prototype	
  

Loop	
  
	
  
	
  
	
  	
  

O O 

Approved	
  ICD	
  

O 

CREATE	
  Development	
  
Rhythm	
  

1-5 Years 6-9 Years 
10-12 Years 
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The Management of CREATE Development Workflow 

Scrum Workflow 

•  Iterative (and Incremental) 
      All   
•  Agile (Scrum-like) 
      RF,Capstone, NESM, NavyFoam, RSDI, IHDE, DaVinci 
•  Spiral 
      Capstone 

Flexible Workflow Execution 

Iterative Workflow 
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CREATE Canonical Milestones (from Annual 
 Software Engineering Plan) 
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CMMI -  Scrum Mapping: Some examples 
 
Requirements    CMMI Practice   Scrum Practice 
SP 1.1                  Develop understand on meaning  Review Backlog with Product owner 
SP 1.2                  Obtain participant commitment  Sprint planning sessions that seek team 

     commitment 
SP 1.3                        Manage requirements changes  Add stories to product backlog 
SP 1.5                  Identify inconsistencies   Daily Stand-up meetings 

     Sprint planning sessions 
     Burndown charts 

 
Project Planning  
 
SP 1.1                  Establish top-level WBS  Scrum backlog expanded into tasks 
SP 1.2                  Estimate work content of tasks  Story points (used to estimate size of stories) 
SP 1.3                        Define life-cycle phases  The Scrum Process itself 
SP 2.1                        Establish budget and schedule  Scrum estimates (in Ideal Time) 

     Estimates of work in each release 
     Sprint backlog 

SP 2.6                        Plan involvement of stakeholders  Scrum process roles (Scrum master, Product 
     Owner) 
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Our Customer’s Expectations	
  

Chapter	
  4:	
  Systems	
  Engineering	
  

Defense Acquisition Guidebook, https//: dag.dau.mil 
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A Software Engineering History of CREATE: 

FY07	
   FY08	
   FY09	
   FY10	
   FY11	
   FY12	
  

Recruit 
Development 
Teams 

ICDs 

Startup 
Planning 

Recruit 
PMs 

Software 
Engineering 
Practices,  
v 0.1 

Initial 
Releases 

Software 
Engineering 
Practices,  
v 1.0 

Software 
Engineering 
Practices,  
v 2.0 

All tools 
Have Had at 
Least 1 release; 
8 two or more 
Releases 

Pilots 
Start 

Project 
Management 
Plan, v 1.0 

3 Releases 
For Some 
CREATE 
Tools 


